Energy expenditures for food processing, maintenance, and activity requirements were determined in the laboratory on the American badger, Taxidea taxus, both with ad lib. food and starved for 7, 20, and 30 days. Body weight decreased at about 76 g per day, resulting in a respiratory quotient (RQ) of 0.83 after 30 days of starvation. Energy requirements were calculated from Vo, values. A 24.2%, 19.7%, and 26.3% reduction in total metabolism was observed at 7, 20, and 30 days, respectively, without food because of reduced maintenance and activity requirements. As a result, badgers were able to conserve approximately 17 g of tissue per day after 30 days without food. Part of the lower maintenance metabolism was accounted for by a 1.7 C reduction in body temperature. Activity was most depressed the first week of starvation but progressively increased after 20 and 30 davs without food.
INTRODUCTION
The effects of caloric restriction on activity and metabolism have not been investigated on wild animals which are seasonally subjected to food scarcity. The American badger, Taxidea taxus, is a solitary carnivore with opportunistic feeding habits (Errington 1937; Jense 1968; Lindzey 1971 ). In addition, it is found at northern latitudes where severe cold winters and reduced food availability are common (Long 1972; Lampe 1976 ). Starvation quickly becomes critical at low air temperatures because metabolic requirements for thermoregulation are high. Metabolic changes during starvation which reduce energy requirements would, therefore, be advantageous to winter survival.
Total metabolic requirements of an animal are expressed as the sum of ex- penditures for: (1) maintenance requirements, (2) activity, (3) thermoregulation, and (4) food processing. A lower metabolism for all components except the last is considered to be adaptive during starvation (Westerterp 1978) . The cost of food processing results from digestion, absorption, and assimilation of food and is referred to as the specific dynamic action (SDA) of food breakdown (Kleiber 1975) . Metabolic requirements of a starving animal will, therefore, be reduced simply because the animal does not process ingested food. This reduction affords no benefit to the animal and, thus, is not adaptive. An additional nonadaptive decrease in maintenance metabolism during a fast may be due to a decreasing body mass. Many studies have claimed that the decrease in maintenance metabolism during fasting is accounted for solely by the reduced body mass and energy for processing food. Therefore, the question arises: Are there additional components of the badger's total metabolism which undergo adaptive changes during food deprivation? The present study addresses this question by examining individual changes in maintenance, activity, and thermoregulatory metabolism of badgers at various times during a 30-day fast.
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MATERIAL AND METHODS
Badgers were collected from Albany County, Wyoming, during 1977-1978 and maintained in 100-cm square steel cages. Only adult female badgers averaging 9.7 kg were used in this study. They were fed Purina Dog Chow consisting of 21% crude protein, 8% fat, and 4.5%/o fiber and having a gross energy content of 5.15 kcal/g. The study was conducted in a room exposed to ambient photoperiod changes. Body weights were measured in postabsorptive animals to minimize error from nonmetabolized food and feces in the intestinal tract.
Energy release was derived from oxygen consumption (o02) and the estimated heat of production (corresponding to RQ [respiratory quotient] values) during starvation. An 80-cm-long, 20-cm-diameter respirometer was constructed and sealed with an airtight lid. Oxygen consumption and carbon dioxide production were derived from compositional changes of a measured flow of air through the respirometer. Air, previously scrubbed of CO2 and water, was drawn through the respirometer. Flow rate was measured with a Datametrics model 800-L hot wire anemometer and maintained at about 6 liters/ min through the chamber. A portion of this air was channeled to either pass through or bypass a potassium hydroxide column so that the effluent air from the respirometer could either contain COs or be CO2-free before entering a Beckman M-3 paramagnetic oxygen analyzer ( fig. 1) . The presence of CO2 in a gas sample diluted the 02, thereby lowering its value in direct proportion to the CO2 concentration. Carbon dioxide was, therefore, determined on the oxygen analyzer by measuring the difference in the 02 reading of air with and without CO2. Oxygen concentration of air leaving the chamber was determined by measuring the area beneath the curve with a planimeter. Oxygen consumption was calculated from formula number 10 of Depocas and Hart (1957) .
Maintenance metabolism was determined during postabsorptive, inactive periods. The total metabolism was calculated from the sum of maintenance, activity, and digestive metabolic requirements over an extended period of time. Badgers were removed from their cages during the prestarvation period and after 7, 20, and 30 days of starvation and placed into the respirometer for To, determination. Oxygen consumption was recorded between 1800 and 2200 hours MST after 8 h of habituation to the chamber. A qualitative measure of activity was obtained by counting the number of times Vo, rose above the resting level during this 4-h period. In addition, a quantitative measure of activity was obtained by measuring the area of these curves above the resting level and calculating the corresponding 0o,. In this way total metabolism during a 4-h test period could be divided into digestive, maintenance, and activity metabolism. These energy requirements were compared during different stages of food deprivation.
The metabolic increase resulting from food intake was determined on animals previously fasted for 10 h to insure a postabsorptive condition prior to the Vo, measurement. Badgers were then fed and Vo, measured again at 3 h postfeeding (the time required to reach a plateau of metabolic increase) to determine resting metabolism. The metabolism of food processing was, therefore, calculated as the difference between maintenance and resting metabolism.
Oxygen consumption was also determined for each badger at 10 C decrements between +20 and -40 C during ad lib. feeding and after 20 days of starvation. Badgers were maintained for 2 h at each temperature in a Forma Bio-ultra cold freezer before recording oxygen consumption. The lower critical temperature (T1,) was determined from the intersection of the leastsquares regression lines through points representing Vo, at ambient temperatures between +20 and -40C (Welch 1978). Thermal conductance was expressed as the slope of the regression line representing V02 at temperatures below the badger's T1,.
Means were considered to be signifi- Approximately 19.5% of the total metabolism during feeding trials was attributed to the cost of processing food (table 1) . This means that a 19.5% reduction in total metabolism was represented throughout the starvation period as a result of an empty gut (fig. 4) . On days 7, 20, and 30 of starvation, the maintenance metabolism decreased 19%, 18%, and 44% from the 243.8 kcal/day prestarvation value (table 1). As a result of this reduction in maintenance metabolism, the badger's total metabolism was lowered 11.7%, 9.8%, and 22% after 7, 20, and 30 days of starvation (fig. 4) .
Through the early days of the starvation, there was a decrease in both the number of active bouts per hour and the percentage tion by activity metabolism to the total metabolism (table 1) and in an increased cost per unit of activity (table 2). In spite of this, at 30 days the active metabolism was still 37% below the 55.8 kcal/day prestarvation level (table 1). The decreased overall activity, especially in the early stages of starvation, resulted in a lower total metabolism. Reduced activity lowered the total metabolism by 12.5% on day 7 of starvation when activity was at its lowest compared to a 9.7%o and 4.3% reduction on days 20 and 30, respectively, when activity was again becoming more prominent (fig. 4) .
The mean rectal temperature of badgers with ad lib. food was 38.1 C, which fell to 36.7 and 36.4 C after 20 and 30 days without food ( fig. 5) . At ambient temperatures above the T1,, the total metabolism of fasted badgers was more than 40/% below that of fed animals ( fig. 6 ). At temperatures below -20C, however, the total metabolism for fasted badgers was significantly (P < .005) higher than when they had been fed. The slope of the regression line through temperatures below the T1, was increased from .0123 for badgers when fed to .0169 when they had been fasted 20 days (fig. 6 ). These regressions were not significantly different at the P < .05 level. Despite this, the small change in conductance, as a result of 20 days of starvation, did appear to shift the T1c from 10 to 16 C ( fig. 6 ).
DISCUSSION
At the end of 30 days of starvation, activity metabolism was reduced 37% and Laboratory studies measuring changes in activity metabolism of animals during starvation tend to be contradictory. There is some evidence suggesting an increase in activity metabolism during starvation in rats (Hitchcock 1928 At ambient temperatures below -20 C, badgers when fasted did not have . lower metabolic rate than when fed. This may be a result of several factors. First, at temperatures below an animal's T1,, the calorigenic effect of ingested food decreases in proportion to the decrease in ambient temperature (Kleiber 1975 This advantage, however, may gradually be lost as body fat stores deplete and the need for caloric intake becomes strongerwhich is supported by the observed increase in activity by badgers in this study after 20 days without food. At this time the survival benefit of using the remaining energy reserves for the chance of finding food may favor increased activity.
